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1. OVERVIEW

1.1 INTRODUCTION

This report presents a review and critical evaluation of possible approaches to
qualify spacecraft against space electron induced discharges (EID). A variety of
. possible schemes to simulate the electromagnetic effects produced in spacecraft have
: been studied, and candidate electrical injection techniques for electrically exciting
spacecraft have been developed. These techniques form the principal eilement of a
recommended set of test procedures for EID qualification of spacecraft described in
this report.

This report represents the second of two major deliverables for the present
program, entitled "SCATHA Model Tests" (Contract NAS3-21967) jointly sponsored by
NASA-Lewis Research Center and the USAF-Space Division. This work is a continua-
tion of a program begun under joint Space Division and Defense Nuclear Agency (DNA)

; sponsorhip entitled "Electrostatic Discharge Modeling, Testing, and Analysis for
3 SCATHA," under Contract DNA001-77-C-0180.

The major objective of this combined experimental and analytical program has
been the development of validated system electrical test procedures for the qualifica-
tion of spacecraft against damage produced by space-electron-induced discharges
occurring on spacecraft dielectric outer surfaces (EID) tc be incorporated into a
proposed EID MIL-STD (or into a modified MIL-STD 1541).

The results of this program have been documented in two reports.

l. The first report presents the data on the response of a simple satellite model,
| called CAN, to electron-induced discharges. The experimental results were
3 compared to predicted behavior and to the response of the CAN to electrical
‘ injection techniques simulating blowoff and arc discharges. Also reviewed
and included are significant results from other ground tests and the P78-2

E programs to form part of the data base for specifying those test procedures
5 which optimally simulate the response of spacecraft to EID. The electrical
f
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and electron spraying test data were evaluated to provide a first-cut
determination of the best methods for performance of electrical excitation
qualification tests from the point of view of simulation fidelity.

2. The major content of this report is the specification of a set of test
procedures 1o qualify spacecraft for reliable performance when subjected to
a charged particle environment conducive to producing discharges. These
specifications have been prepared for incorporation into the proposed EID
appendix to MIL-STD 1541 (USAF), Electromangetic _Con 1tibility

Requirements for Space Systems. This report includes a description of the

tradeoff analyses by which they were selected, the recommended sources,
method of injection, drive levels, measurement techniques, sensors, data to

be recorded, test configuration and test conduct.

While this report provides a recommended set of test procedures, the information
presented herein is meant to summarize what we presently (September 1981) know
about EID electromagnetic effects in satellites. As the balance of this report makes
clear, there is a lack of critical information about the nature of the discharge process,
the relationship betwen ground test and on orbit discharge data, and internal EID
coupling. Therefore, the test procedures specified are meant to be provisional, and
reflect the state of our knowledge as described herein. However, we believe that the
electrical injection tests for EID qualification proposed in Section 3 provide a much
more valid simulation of the electromagnetic fields, currents, and charge distributions
induced on the satellite surface and coupled into interior circuitry than the present
MIL-STD 1541 arc injection test.

1.2 SUMMARY

The report is divided into two major sections. In Section 2, the various possible
approaches to spacecraft EID qualification have been reviewed and evaluated. The

approaches considered were:

1. Flying a qualification spacecraft in the real environment adequately instru-

mented to observe its EID susceptibility.

2. Testing the qualification spacecraft in a charged particle and photon environ-

ment which simulates the important aspects of that found on orbit.




.

.

3.

4,

Testing the qualification spacecraft by global external electrical excitation
in a manner which simulates the distribution of levels and pulse widths of the
the external tangential magnetic fields (surface currents) and/or the normal

displacement fields (surface charge) produced on the spacecraft surface by
EID.

Electrical injection of cable bundles connecting subsystem components or
directly into pins of individual boxes at levels and pulse shapes which
simulate those produced by EID coupling into the spacecraft.

The approaches were evaluated in terms of ease of implementation, technical
maturity of the approach, technical risk in relying on a particular method, cost,
schedule impact and confidence in the test results. The conclusions drawn from this
assessment include:

L.

2.

The first two qualification tests are the most realistic, and would yield the
greatest confidence in the results obtained. However, the technical benefits
are outweighed by the probable cost, schedule impact and technical risk. For
Procedure 1, it might involve loss of a spacecraft. For Procedure 2, there is
fairly high technical risk and cost because a fully instrumented facility to

perform such tests does not exist. However, the necessary instrumentation
and sources are available.

Subsystem and box electrical testing is a relatively low cost, practical
approach, which is compatible with presently conducted functional,
EMC/EMI, and SGEMP component electrical tests. However, this approach
has two major technical limitations. First, there is little quantitative data
which relates discharge-induced external transients to internal signals pro-
duced on wires and at the interfaces to electronic boxes. Therefore, it is
difficult to specify realistic drive levels. Second, the approach will not test
many of the design features such as structure, box and cable shielding, and
cable placement which form part of the total design package to protect

spacecraft against EID and other externally generated electromagnetic
transients.

The approach which seems most attractive from a combined technical risk,
cost, schedule, compatibility and simulation tidelity point of view is global
external electrical injection 2t likely discharge points. Model studies




indicate that it appears feasible to simulate the external electromagnetic en-
vironment, at least over limited regions of the spacecraft and excite points
of entry (POE's) for electromagnetic energy in a manner similar to that by
EID. '

Therefore, a feasibility study was performed to evaluate various specific electri-
cai injection schemes based on similar testing which has been performed to electrically
simulate the electromagnetic currents and fields generated on the surface of spacecraft
by the nuclear weapon produced X-rays (SGEMP). Part of this evaluation included a
review of relevant features of representative SGEMP and EID electrical testing of
satellite models including the STARSAT (a DSCS-III Model), the CAN, SCATSAT, and
the VOYAGER spacecraft.

The following electrical excitation approaches were evaluted through model cal-

culations:

l.  Low level, narrow pulse, capacitive discharge, capacitive coupling between
pulser and test object (few amps, peak amplitude, 20-40 ns FWHM pulse .
widths)

2. Low level, wide pulse capacitive discharge, capacitive coupling (few amps,
1 us FWHM)

3. High level, wide pulse capacitive discharge, capacitive coupling (200A, lus
FWHM)

4. Capacitive discharge, direct coupling between pulser and test object and test
object and pulse ground (hundreds of amps, | us FWHM)

5. MIL-STD 1541 Arc (10-50A, 10-50 ns FWHM)
6. MIL-STD 1541 Arc (200A, 1 us FWHM).

The wide-pulse, high-level injection currents were taken to be representative of those
induced on the surface of spacecraft as a consequence of discharging large area (0.5 to

l mz) dielectrics.

The results of the model calculations can be summarized as follows:

I, Low level, subthreat excitation of any type was rejected because of problems
associated with

a. Scaling results to threat level (feasibility, accuracy)




b. Requirement for  significant  additional internal monitoring ;
. . i
instrumentation |

;

c. Sensitivity and noise problems.

2. Conventional capacitative direct injectior eriployed during the SCATSAT
tests was rejected because

e e e ol

a. Attainable pulse widths are too narrow (tens of nanoseconds)

extremely high charging voltages are used (1 MV)

3. The present MIL-STD 154! arc was rejected because it is a poor simulation of

]
1
E
3
t
3
F
E b. Amplitudes attainable are too low (by about a factor of 10-100) unless
E
i
E
b
E the blowoff of electrons.

i 4. The most realistic practical approach capable of generating sufficiently large

BT T I v A S

pulse amplitudes and pulse widths is a direct injection with a capacitive

discharge source and direct connections between pulser and test object and

test object and pulser return. This approach can provide a simulation of the
body currents which flow over the surface of the spacecraft.

5. It is also desirable to perform a capacitive discharge current injection with
capacitive coupling with wide pulses and threat level drive to simulate some
aspects ol the EID excitation (normal displacem;nt fields, spacecraft‘reson-
ant modes) not well simulated by direct injection. Hewever, the model
studies indicate that this approach is technically difficult to implement using
practically attainahble values of circuit parameters because of the high
charging voltages required (~600 kV). However, if more modes: drive
currents (<50A) and pulse widths (<250 ns) are required, then a pulser of
about 50 kV would suffice. However, what is excited is the combined pulser, ’
coupling network, test object system. The fidelity of the simulation is
diminished compared to capacity coupled injection (CDI).

Based on the modeling studies a qualification test procedure was devised which is
described in Section 3. Its basic element is the elecrical excitation of the spacecraft by
a high level, wide pulse direct drive scheme supplemented, where necessary, by
capacitively coupled injection. Based on available ground test discharge data, rules are
given for determining the critical test or injection points and how to select pulser
characteristics to achieve desired injection levels and pulse widths. The test
configuration is basically one in which the pulser and test object are isolated from

-

5

]




L.

L.

the external surroundings through the use of battery driven pulsers, anaiog fiber optic
links for the transmission of electromagnetic environment and monitor point data, and
dependence on the vehicle telemetry for spacecraft status during electrical testing.
The vehicle would be in its flight configuration and isclated from external grounds and
extrannous conductors.

The test procedures specified should be taken as provisional. They need system

validation for the fc!lowing reasons:

While similar electrical testing has been performed on spacecraft or space-
craft models, the particular tests proposed have not been tried out either on
a real spacecraft or on a reasonably complex electrical madel like the

SCATSAT. Proof testing is required.

There is insufficient quantitative data produced either by model analysis or
testing with which one can compare the kinds of simulation produced
electrically with the electromagnetic responses invoked by EID (especially
for the normal displacement fields created on the surface of the spacecraft).
For this reason further coupling analysis as well as model testing in a

simulated charged particle environment are required.

In addition, there are fundamental gaps in our knowledge of EID which impact the

specification of an electrical qualification test. These include:

Our knowledge of the discharge process is limited. No adequate, comprehen-
sive discharge models exist by which one can predict with confidence the
discharge characteristics givan the charging environment, material properties

and sample configuration.

A quantitative analysis has not been made infers discharge characteristics
from the magnitude of the P78-2 transients recorded by the SCI-8 and TPM
experiments. The P78-2 coupling mocel begun under this program should be

completed in order to facilitate this analysis.

Limited experimental evidence indicates that the components of the space
radiation environment such as high energy penetrating electrons, U’ and ions
tend to diminish or eliminate discharges in many materials. It is important to
complete item (2) so that a quantitative comparison between the ground test
discharge data and that obtained from the P73.2 may be made. It may be

that the scaling law~ used as a basis for specifying electrical injection pulse
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amplitudes and pulse widths provide for much more severe stresses than those
to which real spacecraft are subjected.

If the required pulse widths and arnplitudes could be reduced, then it would
make capacitively coupled injection more feasible. In addition, it might be
possible 1o use an alternate scheme of vehicle isolation based on inductive

loading of power cables and signal return conduits attached to thc spacecraft.
This would simplify test conduct.

These test procedures are not designed to qualify sacecraft against electron
caused electromagnetic pulse (ECEMP) effects produced by the charging and
discharge of interior dielectrics such as cables or printed circuit boards by
high energy, penetrating electrons. More w~ " is needed to understand the

severity of this problem for spacecraft in the natural and nuclear weapon
environments.
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2. SELFCTION OF AN EID SYSTEM QUALIFICATION TEST TECHNIQUE

2.1 APPROACHES TO QUALIFICATION

In identifying a procedure for qualification of spacecraft against the harmful
electromagnetic effects of EID, there are two key issues which are related. The first is
test technique; i.e., by what means is the spacecraft to be stressed. The second relates
to test conduct, how is the test to be performed. The question of pulsers will be
addressed in this section, test conduct in the next.

Section 5.1.1 of MIL-STD 1541 prescribes that the complete spacecraft electrical/
electronic system be tested to demonstrate qualification. Compliance is to be
demonstrated by showing that critical system points have a 6 dB (energy) safety margin
(20 dB's for EED-electroexplosive devices). Critical system points are those which are
chosen to monitor the performance of the system; i.e., to determine whether the
system will perform according to system functional and operational requirements.
These critical test points are further identified as:

l.  Susceptible to interference because of sensitivity, inherent susceptibility,

mission significance, or exposure to the stressing environment.
2. Part of an electrical circuit, generally before the output stage.
3. A subsystem stress point.

The performance of the system is monitored for improper response at monitoring points
which are:

l.  Either electrical or mechanical
2. Generally at the subsystem output or internal to the subsystem.

For the EID qualification of the P78-2, Martin chose critical test points to be those on
the exterior of the spacecraft likely to suffer on-orbit discharges. Monitoring was
performed using the AGE to identify improper system performance, supplemented by

directly observing the behavior of 12 critical electric circuit points (Ref 1). Section
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6.2.1 of MIL-STD 1541 specifies that the AGE or vehicle telemetry is not to be used as
the sole monitor of system performance during testing. These points included several
which are part of the spacecraft system and several related to the engineering
experiments (SCI-8B, TPM) designed to measure transients. In addition data was
recorded by the SCI-8B and TPM transient monitors. Thus, the excitation points were
chosen because of their inherent susceptibility to arc discharges, although not part of
an electronic circuit. The monitoring points were chosen because of their significance
to the system electrical performance, sensitivity, because they were representative of
typical interface circuits, or to provide a baseline for the respdnse of the transient
measuring experiments.

Of course, the MIL-STD 1541 arc used to excite the P78-2 has been shown in the
work described in References 2 through 4, to be a grossly inadequate simulation of the
principal driver for the inducement of electrical transients, namely the blowoff of
charge. That the P78-2 has not suffered a significant number of environment induced
upsets is due in large part to the heavy shielding (double Faraday cage) incorporated
into the P78-2. This has been reviewed in References 5 and 6. It is the objective of
this chapter to identify a more realistic, viable system test procedure.

MIL-STD 1541 specifies three generic approaches to demonstrating compliance.
These include:

(1) Providing a 6 dB overstress of critical points (20 dB for EED)

(2) Measurement of the noise environments at the critical test points and

comparing them to subsystem susceptibility levels as determined thrcugh test
or analysis (as required by Section 5.1.2.1.6 of MIL-STD 1541).
(3) Increasing the sensitivity of critical points by 6 dB to demonstrate satisfac-

tory performance in the noise environment.

It is clear that the most technically sound approach to demonstrate survivability
in the EID environment is Approach | The second method is not really practical as the
actual EID stressing environment is only observed on orbit. There is essentially no
space data on the characteristics of discharges which occurs in surface dielectrics. It is
possible to infer some characteristics from the transient sensor data (SCI-8B, TPM)
recorded by the P78-2. However, the response of a spacecraft to electrical excitation
is highly configuration dependent. In extrapolating for the P78-2 sensor data to source
terms, it is important to have an accurate coupling model. Hence, maximum utilization

of this space data is dependent on completion of the P78-2 coupling model.

10




In principle, one can calculate the electromagnetic coupling produced by EID for
particular satellite configurations, predict the transients induced at critical points ana
compare them to upset thresholds. However, such an approach is bound to introduce
errors which are larger than the 6 dB margin. There are two principal reasons for this -
First, the necessary discharge source terms are not well known. This issue has been
reviewed in Section 6 of Reference 2. Second, experience gained in applying
conventional system modeling approaches such as SEMCAP or IEMCAP (Ref 7) indicate
that 20 dB uncertainties are not uncommon if experimental test data produced by well
characterized electrical sources are compared to prediction. Based on IET experience
in SGEMP coupling analysis of satellite structures, the analysis uncertainties are
comparable. For example, predictions were made by various groups of the response of
various components of the STARSAT, a DSCS-III model, exposed to the output of a
nuclear weapon in the Huron King UGT. It was found that the average discrepancy
between prediction and measured response was 12 dB (amplitude). The range of
discrepancies was from -12 dB to greater than +28 dB.

The third approach is also not practical for EID qualification. Many of the
specified design practices which increase the electron induced discharge safety margins
(EIDSM) depend on electromechanical hardening rather than on specific circuit param-
eters, The former include structural, cable and box shielding and grounding. It is
desirable that any system test validate these design features. In any case, their
removal for testing is probably impractical.

In Table 1, we have presented a summary of the generic test methods for satellite
EID qualification. The methods are arranged according to simulation fidelity vith a
test flight being best in this regard and box testing worst. Unfortunately, cost and risk
are directly correlated with fidelity. As we will discuss in more detail in this section,
no one technique best satisfies all the possible evaluation criteria. The radiation tests
rank highest in terms of simulation fidelity and confidence in the result. They also are
the most expensive and present the greatest technical risks in performance and have
the greatest potential schedule impact.

At the other extreme, box and subsystem electrical testing is technically mature,
quite compatible with existing spacecraft design, development and test practice, and
presents a relatively low risk. However, given our present state of knowledge about
external EID efforts, the confidence that such tests inspire is relatively low. This is
true for two reasons. First, specification of test levels, pulse amplitudes and

waveshapes depends on a coupling analysis. As we have pointed out above, our
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knowledge of source terms and our ability to do an accurate coupling analysis of a
system as complicated as a spacecraft is limited. This can lead to inclusion of extra
safety margins to cover analysis uncertainty with possible overdesign. Second, box and
subsystem testing is not a true system test. Design features such as shielding,
grounding and cable routing are not tested.

In between the two, stands global electrical testing. It is a true system test, can
be performed at threat levels (for some hardware configurations), simulates many of
the electromagnetic effects produced by excitation schemes and surface EID, and is
relatively compatible with present EMC test practices. The key issue here is providing
an optimum EID simulation. We feel that on balance, global electrical testing in
accordance with the procedure described in Section 3, is the optimum method for
performing EID system qualification testing. The rationale for this choice is ceveloped
in the balance of this chapter.

It is to be noted that the test procedures to be specified are designed to qualify
spacecraft against external surface EID. MIL-STD 1541 in its present version and near
term modification do not address the question of ECEMP, electron caused electromag-
netic pulse effects. ECEMP occurs as a consequence of the charging and discharging of
interior dielectrics; i.e., cables and printed circuit boards by the penetrating, high
energy (>100 keV) component of the trapped electron population.

Relatively little is known about this phenomenon. The emphasis of the SCATHA
program has been on surface charging of spacecraft dielectrics in the magnetic
substorm environment. There is little direct evidence from flight behavior that natural
environment produced ECEMP is a serious problem. It has been noted that a fraction of
the spacecraft anomalies associated with spacecraft charging did not occur during the
midnight-to-dawn quadrant of local time associated with substorm induced charging.
About 5 of 19 SCI-8B EID transients on the P78-2 occurred about 48 hours after a
substorm when the trapped electron belts would be pumped up (Ref 8). The GPS
spacecraft suffered at least one anomaly in which the solar energy power drive
malfunctioned which has been attributed to ECEMP (Ref 9).

Of much more potential significance are ECEMP effects associated with the
pumped up electron belts consequent to exoatmospheric nuclear explosions. Limited
ground tests (Refs 10,11) indicate that the fluences associated with a saturated electron
belt can induce discharges in cable dielectrics and printed circuit boards. The problem
is more severe in some nuclear electron environments in that the charging environments

for some scenarios are one to two orders of inagnitude more intense than those




associated with the average natural environment. As exoatmospheric nuclear testing
ended in 1962, when only a few, relatively poorly instrumented satellites were flying,
there is no published information about spacecraft nuclear ECEMP induced anomalies.

A second area of potential concern are planetary environments. For example,
that associated with Jupiter presents a much more severe charging environment than
that associated with the earth.

On the other hand, it has been shown that the radiation conductivity induced by
the penetrating electron component can minimize or eliminate discharges in outer
surface dielectrics. (Ref 2).

Thus, the limited amount of evidence which presently exists indicates that
ECEMP is potentially a problem to USAF, NASA, and commercial spacecraft. How-
ever, it is premature to specify qualification procedures based on our limited knowledge
of the phenomenon. At any rate, it is likely that ECEMP will have to be dealt with a:
the component level with qualification through subsystem and box testing. When the
problem is better defined, it will properly be dealt with in a future revision of the
section of MIL-STD 1541 devoted to subsystem EID testing. Meanwhile, it is best
handled on a system by system basis as the operztional require ments and environments

to be evaluated are different for military, scientific and commercial spacecraft.

2.2 EVALUATION OF QUALIFICATION APPROACHES
2.2.1 On-Orbit Testing

Broadly speaking, the five test methods shown in Table | can be grouped into
three categories. These are:

l.  Test in the real radiation environment.

2. Test in a simulation of the orbit appropriate ionizing and electromagnetic
radiation environment.

3. Test by reproducing the electrical responses evoked by the radiation environ-
ment. This may be further subdivided according to the level at which the
simulation is attempted: system, subsystem, or component.

The flight test falls into Category 1, electron spraying tests in Category 2, and the
various electrical injection schemes into Category 3.

Clearly, the best test from the point of fidelity is the flight test of a qualification
spacecraft. This is actually an example of the second of the MIL-STD 1541 system

13




IS

-

LS o
LS
for)

‘._'_}‘

ORIGINAL P

yoeoadde
5113123 pasodosy *|

“JUBWO AU
Q13 Ut 3nANLS jo 15A
1131545 (2a1100) 10j 'SISIN
aseg 3DUAIdX3 ON 7
SN} Jtp uonPIUANIIdun
“NDIAIS F1SOD IWNJIP 1311q
01 (1VSLT4 ‘LVSHVIS)
sagaies jo 3unsay

AWINS Ut 3DUNIAdXI patun|
29 anuiexa «v—gcm “q

ufisap jo Aoenbape

uo spuadap L1IQRALAING 7
parjenb are swaysds
1U2ND YOIYM Uy Aem

a Ajpenioe st 1sag wydip) e
‘ar1enbapewt A]eo1uydIl
Aj1uap1Aa aue s3unpadoxd
uonestjijenb 11asaxd sy g

‘sainea udicap jersareyy
JDPINS 15 10U SAO() ‘9
sjualind *aferyjoa ydy

- u13)qoud A13)es AHQISSO ¢
JW3 prepums

100 voneNdijuod 15ag 'y
UOIIRIIDX D [PUIIIUL
12doadun yqiseng ¢

ETE]

[eusaIxa ‘squtod IALIp 10}
siskjpue vo puadap 1sny 7
(SP131} [PUIIIXI/sUOIING
-1sIp AZIPYD/SIUIIND UDYS)
sidadse |je sarejnuils
anbiuydal 211153]2 U0 ou

- UOIIRINWITS JO WISt|eaYy |

“ANpIYOS
peaj Juo| - 150D jeuotippe
jenuelsgns duanbas - siseq
D0\ pe UR U0 PAIQUIASSE

3G 1SNW - Qe|IBAR JOU YOI}
-elUWNNSUY pue A3I|1De g g
IBewrep

jo sty YAy Ljaanetay ¢
1521 Washs (N Joj

(;0w 9) 3deduUit INPAIYIS pur
(¢ W1$) 1500 [prIuRISgnS ‘uonl
-BRIPAD 4| XS UO paseq 7
no 153

3q ARUI JUUONAUD LOLY
-RIPEI JO SIUIWIAI L3N |

sisouBeip

10) PIIUIUINIISUL |1IM

10U 1yea0adeds |eoidA) 7
$31531 punosd

21eUIAY|R YIIM PIUIQUIOD
10U )1 514 Y3ty SNOIAGO °|

FuNsal 1221110312 WSS
1uasaxd yum quedwo)) ¢
s1souBeip Jo)

A113W 331 uIAIshs Isn Ue) *9
paziunuus siskjeuve 3uijdnod
Buiyroddns 10) paay ‘¢
Ajjenpe.s sjaaaq asies

ued - (e 11D A121ng ‘4
jJjomeyq Aq pasnpoid

$129)}2 Aseuntsd Yy SUUNIW g
sasvodsaa

13A3) 1231 138 ue) 77
1531 warshs e s g

. Juiprarys

3 qed/1uanvodwod/jeny

-2n 18 Suipn)ou udisap je103
S1S3) - 1531 WIsAS IN e S| g
(SUOLIRINWINS 1$3)

punosd jecid4) ylim 1s311340
ue Aiqeqoad) 1jnsas ayy
asuaptjuod YRy Ajaane|ay 7
A1oanp paisat

sv K1iigqnidassns a8seydsip
1eY1 Ul NIsIjeas AI1RISPOW °|

acoed

1asaxd Yyiim quiedwo) ¢
ANPpAYOS

worI>nposd vo 1oedusy 1SIMOTY ‘7
1531 D11S1|es ISOW °|

AVSHVIS °v

138ehop

- alseyosig aanidede)) ¢
(1eS019

133ehop ‘1H-$DSA ‘2-84d)
SIS (N3 196 1-PIS-IW "2
((M3) 1VSLVYDS °1

s1»3{qo

(1531 2A1S58g) 1INANS 0
NYD U0 $1531 |3pOW ¢

pa1531 UG

aaey s1que|q (eungs ‘shesse
JR[0S SB YONs sJu0dwio) 7
(159 IAISSPY) 1€SOANIN |

ufisap sarepijea 23U
RECLERTEI B R [ RUN T
1N§sSIDING - A131331p VON |

suornenauad

20 s1w0d aBreyosip
tPusAIx2a Ajam) |je a1oxg 7
13 Aq pacnposd aBueryd
OPPINS ‘S1330I0D |PLLIAIND
A1 SAFPNUIS VM)

-PHDOXD [PUIIONTY )

IP) LHINNDPA
Ul $ADMOS ADNIRD Yitm
JUMBUOINAUI PIIBINUNS

us 3jeadadeds 153) ‘|

LHJIQRAIA NS 1R ISUOMIIP O)
1jeadadeds 3uhjrend A1 4 -

SINIWWOD

SIDVINVAQYSIO

SIVVINVAQY

SITANVXI WILSAS

NOILY SNIWITINWI

PP Y, Sk

SPOYISW 1531 JIau3n | 3jqe]

183}

I NEL ENLS L I

JUMBVOIIAUT PAPNUNG 7

TUMIOIAUT |PIY "]

O IN

14




fiakacp- s

7

TY

CE 8

ORIGINAL PA
OF POOR QUALI

2
3

15

*$153) X0Q YO
paseq A[jed1dA} sarlpares
10 oneEsyNenb gWINS 7
(2) 0 (1)

saypeoidde uoneprjea

J0J pasn aq ued sisdjeur

Bunsay
2mdnos 1im paviquior) *y

waysAsqns 10) se aweg ¢-|

29s51nd

jo 1uawdojaaap sannbay -9
“udisap 1240 ‘1531 1340 0)
peay Aew Ajureysadun
sisjeue Jo asnedag ¢
suoloe AU

wasAsqns 1521 J0U S0 "4
sis{jeue 3urdnod e jo siseq
R vo sIsUodsas m
[PNPIATDUT JBJUL ISR °¢
Pa1s3) 10U SINIe)

uBisap JediueYdIY 7

1521 WIIshs ans © JON |

(2) 20 (1)

sayoroadde voriepijea
30 pasn aq ued sisAeur
Fuidnos yum pauiquio) +|

19AN

x0q 12 3uop 1daoxa - Sunsay
wIsASqQns 03 Jejlung /-7
‘padogaaap ((om ssasind
‘aunpadoxd Bunsay xog |

1eany aaoqe

01 MO[3q WOIJ SUOIIBFIDXD

jo a8ues so] auop 3q ue) g

s{aaxg L1p1qnidaosny wagsksqns
ysifqeisa o1 p aq ue) ¢
INONIAD JPUOT11DUNg

Jy10 yum aiquedwo) -9
UOIIRIUWINIISUL D1

-soufeip warsdsqns asn ue) ¢
weidoxd ur Apies pary

-13uap1 aq ued smepj uBisa() -y
Bunisas yuawrdogaaap uray
-shsqns yua Auprqueduwio) ¢
“dn 1j1nq e

swishs se siseq wAsdsqns Aq
wIsAsgns © Uo Juop aq ueY) 7
siuod 333 [ed1111D Jo vory
-e110%2 snoniqueun 15331 }

Swajshsqns 10)
2mnpadosd [ag | PISHN °7
ampadoxd

1531 W3 pIepuels °|

(33reyos1(g Day) 198ehop ¢

1VS114 T
(MI-$O%Q) LYSYVIS 1

“pIsiapm
Fsuodsas wIskg -(indut
311ud 0 KRus 1:pia)
suid jenpiarpur Jo voryey

-1DX3 [PIHONT | X0gQ [eNPIAIpU “¢

UONEIDXI AHqed
wrodnjnw snoauelnuns

e Aq wa